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he Heart Does Not
ave Alzheimer’s Disease
lectrical and Mechanical Cardiac
emory After Ventricular Pacing*
rthur J. Moss, MD, FACC
ochester, New York
t has been known for some time that an altered sequence of
entricular activation with a left bundle-branch conduction
isturbance or right ventricular pacing is associated with a
eduction in systolic and diastolic function manifested by
ower ejection fraction and higher filling pressures. Further-
ore, a variety of studies have shown that for a period of
ime following cessation of the conduction disturbance
resolution of left bundle branch block or discontinuance of
entricular pacing), the heart manifests electrical and me-
hanical cardiac memory—persistent secondary repolariza-
ion changes and diastolic dysfunction.
See page 1883
The concept of cardiac memory was first introduced in
982 by Rosenbaum et al. (1), who applied the term
pseudoprimary T-wave changes” to alterations in ventric-
lar repolarization that persist for days to weeks after the
rovoking stimulus (the change in activation sequence) is
iscontinued. We now know that alteration in conduction
an modify synthesis of a variety of ion-channel proteins
nvolved in electrical repolarization and that these protein
hanges can take time to resolve (2). Similar pacing-related
hanges have been reported with channel proteins involved
n calcium currents, so it is reasonable to explain the
ustained diastolic dysfunction following termination of
entricular pacing by this mechanism as well (3).
Nahlawi and colleagues have been investigating cardiac
emory for some time. In this issue of the Journal, this
roup of investigators (4) has focused its attention on
hanges in systolic function following cessation of ventric-
lar pacing in patients with normal ventricular function who
eceived dual-chamber pacemakers for sinus node dysfunc-
ion. In brief, they showed that right ventricular pacing is
ssociated with significant although modest reduction in left
entricular ejection fraction, and this decrease in left ven-
ricular systolic function remains depressed for at least 24 h
fter cessation of ventricular pacing. We could refer to this
ffect as adverse cardiac memory.
*Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.
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uidant Corporation.These findings are extremely timely and take on added
elevance in view of the increased frequency of heart failure that
as reported in patients who received dual-chamber pacing
ith an implanted cardioverter-defibrillator (ICD) in the Dual
hamber and VVI Implantable Defibrillator (DAVID) trial
5). The patients had pre-existing left ventricular dysfunction,
nd ventricular pacing clearly contributed to increased heart
ailure and mortality when compared with similar patients
hose back-up pacemaker was set at 40 bpm and who received
irtually no ventricular pacing. In the Multicenter Automatic
efibrillator Implantation Trial (MADIT)-II, patients ran-
omized to ICD therapy had improved survival but a trend
oward increased hospitalization for heart failure (6). In retro-
pective, post-hoc analysis of the MADIT-II database, ap-
roximately 40% of the ICD-treated patients had dual-
hamber units (mostly set at DDD 60 to 70 beats/min) and
0% had single-chamber units (mostly set at VVI 60 beats/
in). Patients with dual-chamber units paced the ventricle
bout 85% of the time, whereas those with single-chamber
nits paced the ventricle only 15% of the time. The slightly
ncreased occurrence of heart failure was clearly associated with
ual-chamber ICD units having a higher frequency of ventric-
lar pacing.
The aforementioned findings indicate that the normal
equence of ventricular activation is preferred when a conduc-
ion disturbance does not exist. Right ventricular pacing
ontributes to left ventricular dysfunction in patients with
ormal as well as impaired cardiac function. In the presence of
ltered intrinsic conduction with a wide QRS complex, can left
entricular systolic and diastolic function be improved by
hanging the conduction pattern with left ventricular pacing?
uring the last few years, we have seen that cardiac resynchro-
ization therapy with left ventricular pacing can improve
ardiac function and survival in at-risk cardiac patients. In the
ecent Comparison of Medical Therapy, Pacing, and Defibril-
ation in Chronic Heart Failure (COMPANION) trial, car-
iac resynchronization therapy with left ventricular pacing
ecreased the combined risk of death from any cause or first
ospitalization in patients with advanced heart failure and
rolonged QRS interval (7).
In contrast to right ventricular pacing that causes dyssyn-
hronous contraction, appropriate left ventricular pacing
eems to resynchronize the pattern of contraction when an
ntrinsic conduction disturbance is present, with the favor-
ble pacing effect dependent, in part, on the site of left
entricular pacing. What is the mechanism by which this
acing-related benefit is achieved? Because hemodynamic
mprovement follows within a few beats after initiation of
eft ventricular pacing, it is reasonable to conclude that the
irection of electrical depolarization originating from a left
entricular pacing site produces a more synchronous con-
raction than what exists with the intrinsic intraventricular
onduction disturbance. An important question is whether
his benefit from cardiac resynchronization therapy persists
or some period of time after cessation of left ventricular
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Editorial Comment November 2, 2004:1889–90acing. Does left ventricular pacing induce favorable
hanges in the structure, orientation, and/or function of the
ontractile cardiac proteins that persist when pacing is
topped? This is an important question, for it may be that
ositive changes in protein expression occur with appropri-
te left ventricular pacing, and this could be considered a
anifestation of favorable cardiac memory.
eprint requests and correspondence: Dr. Arthur J. Moss,
ox 653, University of Rochester Medical Center, Rochester,
ew York 14642. E-mail: heartajm@heart.rochester.edu.
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